Optimal quantum pumps have a vanishing transmission coefficient 
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In a recent Letter, Avron et. al [[IJ introduced a no- 
tion of optimal quantum pumps. These are adiabatic 
quantum pumps which work without dissipation. In par- 
ticular, they produce neither entropy nor noise. In the 
present Comment we show that in the absence of mag- 
netic field optimal quantum pumps always have a van- 
ishing transmission coefficient. Such 'quantum pumps' 
do not make use of Quantum Mechanics since all tunnel- 
ing or interference effects arc banned by vanishing of the 
transmission coefficient. We leave it as an outstanding 
question whether genuine optimal quantum pumps with 
nonvanishing transmission coefficient can be constructed 
by making use of the magnetic field. 

Recall that a quantum pump is a mesoscopic device 
attached to two (or more) reservoirs by means of ideal 
quantum wires. All reservoirs have the same chemical 
potential /i, and when the pump is not at work no charge 
transfer occurs between reservoirs. In the scattering ap- 
proach pioneered by Biittiker et al. [0 and developed in 
|5],Q a quantum pump connected to n reservoirs is de- 
scribed by the scattering matrix at the Fermi energy S k i 
where the indices k and I label the outgoing and incoming 
channels, respectively. The matrix Ski is always unitary, 
— S*u. As the pump operates, the scattering matrix 
changes with period r, S(t + r) = S(t). In practice, this 
is usually achieved by applying an alternating voltage to 
some gates inside the mesoscopic device || . The net cur- 
rent pumped into the channel k at the moment t is given 
by formula (eqn. (3) of pi), 


J k = -( dt SS% k = -Y^{d t S k i)S\ k 
71 i=i 


For the noise production one gets (eqn. (10) of jl 
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In the absence of magentic field, B = V x A = 0, one 
can always choose a gauge in which the vector poten- 
tial A vanishes. Then, the Schrodinger equation which 
governs the motion of electrons through the pump has 
real coefficients since all the terms which contain i are 
proportional to A. This implies that taking a complex 
conjugate of a solution yields again a solution. Choosing 
the incoming and outgoing wave functions complex con- 
jugate to each other (this corresponds to turning e %kx to 
e~ lkx ) one obtains an extra symmetry of the scattering 


matrix S k ^ 


= S kl . Together with unitarity this implies 


that the scattering matrix is symmetric. 

For simplicity, we consider quantum pumps with two 
external reservoirs. In this case, the general form of a 
unitary symmetric scattering matrix is given by formula, 


S 


a b 
b c 


where b is the transmission amplitude, and a and c = 
—a*b/b* are reflection amplitudes. The matrix dtSS^ is 
anti-Hemritian, 


d t SS^ 


ixi y 
-y* ix 2 


The requirement that dtS is symmetric yields yc + y*a = 
i(x2 — X\)b. Formula (0) now reads, 
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where T = \b\ 2 is the transmission coefficient and J = 
(Ji — J2V2 = e(x2 — Xi)/4tt is the net current between 
the reservoirs. We conclude that in the absence of mag- 
netic field an optimal quantum pump (iVi^ = 0) is only 
possible if T — 0. A surprising denominator (1 — T) in 
formula ([?]) accounts for the fact that a transparent quan- 
tum pump with T = 1 cannot transfer charge between 
reservoirs, and in this case J = 0. 
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